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Abstract 
In Ironman triathlon, the number of overall male and female finishers increased in the last 30 
years, while an improvement in performance has been reported. Studies concluding these 
numbers only analysed the top ten athletes per age group instead of all finishers, therefore a 
selection bias might have occurred. The aim of the present study was to investigate 
participation, performance and the age-related performance decline of all pro and age group 
triathletes ranked in all Ironman triathlons held worldwide between 2002 and 2015. Split and 
overall race times of 329,066 (80%) male and 81,815 (20%) female athletes competing in 253 
different Ironman triathlon races were analysed. The number of finishers increased in all age 
groups with exception of women in age group 75-79 years. In pro athletes, performance 
improved in all disciplines. In age group athletes, performance improved in younger age 
groups for running (18-24 to 40-44 years) and older age groups for swimming (50-54 to 65-69 
years) and cycling (35-39 to 55-59 years), while it impaired in younger age groups for 
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swimming (18-24 to 45-49 years) and cycling (18-24 to 30-34), and older age groups in 
running (45-49 to 70-74 years). The age-related performance decline started in women in age 
group 25-29 years in swimming and in age group 30-34 years in cycling, running and overall 
race time, whereas it started in men in age group 25-29 years in swimming and in age group 
35-39 years in cycling, running and overall race time. For athletes and coaches, performance 
improved in younger age groups for running and older age groups for swimming and cycling 
and the age-related decline in performance started earlier in swimming than in cycling and 
running. In summary, women should start competing in Ironman triathlon before the age of 30 
years and men before the age of 35 years to achieve their personal best Ironman race time. 
 
Key words: Age group, sex difference, master athlete, worldwide trend 
 
INTRODUCTION 
Ironman triathlon is considered as one of the most challenging ultra-endurance events in the 
world (31). The classical Ironman triathlon consists of three disciplines – swimming, cycling 
and running (performed in this order) – and is held over the distance of 3.8 km swimming, 
180 km cycling and 42.2 km running (4). Triathlon presents an intriguing model to analyse 
the age-related trends in endurance performance, since the trends can be analysed in the same 
subject for overall performance and for the three disciplines separately (5, 27, 29, 33).  
For athletes and coaches the age of peak Ironman performance is important in planning a 
career (27). The age of peak Ironman performance has been reported at ~32-34 years for both 
women and men (27, 47, 55). However, differences seem to exist in the age of peak Ironman 
performance between qualifiers for ‘Ironman Hawaii’ and ‘Ironman Hawaii’ itself. Over the 
last three decades, the age of the annual top ten finishers in ‘Ironman Hawaii’ increased in 
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male and female athletes (10). In contrast, in ‘Ironman Switzerland’, a qualifier race for 
‘Ironman Hawaii’, the age of peak Ironman performance increased for the annual top ten 
women between 1995 and 2011, but not for men (45). Indeed, a study showed a lower 
proportion of finishes and slower race times for certain age groups competing in ’Ironman 
Hawaii’ compared to its qualifier races, as well as a higher percentage of female and lower 
percentage of male finishers (56). Therefore, the different participation rate of certain age 
group athletes in ‘Ironman Hawaii’ compared to its qualifier races might lead to a selection 
bias. 
Over the last decades, the participation of age group athletes increased both in ‘Ironman 
Hawaii’ (32) and in qualifier races such as ‘Ironman Switzerland’ (54). In ‘Ironman 
Switzerland’, the number of overall male finishers increased in the last years, while the 
relative participation of master athletes considerably increased (54). Also in ‘Ironman 
Hawaii’, the number of overall male and female finishers increased in the last 30 years, while 
the relative participation of master athletes increased (32). In addition to the increase in 
participation, an improvement in performance of elite athletes has been reported (10, 45). 
Similarly to elite athletes, master athletes improved their Ironman triathlon performance over 
the last decades, both in ‘Ironman Hawaii’ (32) and ‘Ironman Switzerland’ (54). However, 
analysing only the top ten athletes competing in ‘Ironman Hawaii’ may lead to a severe 
selection bias since the majority of Ironman athletes are recreational age group athletes and 
less than one percent of the overall number of those participating in any Ironman triathlon is 
considered.  
 
Up to now, the performance and participation trends in male and female Ironman triathletes 
have been analysed only for single races such as an Ironman qualifier (e.g. ‘Ironman 
Switzerland’) (45, 54) and ‘Ironman Hawaii’ (32). The trend of an increase in participation 
and an improvement in performance of age group athletes has been reported only for single 
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Ironman races; thus, the assumption that it reflects a worldwide trend needs verification. 
Considering other ultra-endurance performances, a recent study reported that ultra-
marathoners competing in time-limited races of different durations became slower while 
getting older in the last 40 years (23), which is contradictory to the findings for Ironman 
athletes competing in ‘Ironman Hawaii’, where the annual ten fastest became faster and older 
in the last 30 years (10). According to Knechtle et al. (23), the most probable explanation for 
the discrepancy between these two findings is the different sampling methods. Although 
Gallmann et al. (10) analysed the annual ten fastest men and women in ‘Ironman Hawaii’,, 
Knechtle et al. (23) included all annual finishers in their analysis of ultra-marathoners of 
different race durations. An analysis including all recorded finishers of all races instead of a 
fixed number of athletes, for example the top ten per age group during a certain period (48) 
might eliminate a potential selection bias.  
 
Therefore, the aim of the present study was to investigate participation and performance 
trends of pro and all age group athletes ranked in all Ironman triathlon races held worldwide 
between 2002 and 2015 in order to analyse the worldwide trend. We hypothesized that the 
participation of age group athletes would increase while their performance would improve. In 
comparison to previous studies we investigated all finishers in all Ironman races held 
worldwide for the studied period, therefore minimizing the selection bias caused by selecting 
only single races and/or considering only a fixed number of finishers instead of all finishers. 
Furthermore, we analysed the age-related performance decline for swimming, cycling, 
running and overall race time. 
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METHODS 
 
Experimental Approach to the Problem 
To test our hypotheses, all women and men who finished an Ironman triathlon between 2002 
and 2015 were considered. All data were obtained from the official website of Ironman 
triathlon races (http://eu.ironman.com/events/triathlon-races).  
 
Subjects 
Split and overall race times of successful female and male pro and age group finishers of all 
Ironman races held worldwide and documented by the official Ironman triathlon website 
between 2002 and 2015 were collected, since full data were only available starting in the year 
2002. Before 2002, athletes were not ranked in age groups. Due to missing data or missing 
age group assignment the data of twelve races could not be gathered. All procedures used in 
the study were approved by the Institutional Review Board of Kanton St. Gallen, Switzerland 
with a waiver of the requirement for informed consent of the participants given the fact that 
the study involved the analysis of publicly available data.  
 
Procedures 
Split and overall race times of a total of 343,079 male and 85,923 female finishers competing 
in 253 Ironman races were collected (Table 1). From this set of data a total of 14,013 male 
(4.7%) and 4,108 female (5.5%) athletes had to be excluded either due to shortened course 
lengths in five races or due to missing or incorrect split times. Ultimately, a total of 329,066 
(80 %) male and 81,815 (20 %) female athletes were considered for final data analysis. To 
analyse performance and participation trends male and female athletes were categorised into 
pro and age groups of 5-year intervals (i.e. from 18-24 to 75-79 years). Table 2 shows the 
number of finishers per calendar year and per age group. 
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Statistical Analyses 
The change in participation across years was investigated using single linear regression 
analyses. To investigate changes in performance of finishers, a mixed-effects regression 
model with finisher as random variable to consider finishers who completed several races was 
used. We included sex and calendar year as fixed variables. Models were calculated for each 
age group and the final model was selected by means of Akaike information Criterion (AIC). 
Sex difference was calculated using the equation ([time in men] – [time in women] / [time in 
men] × 100). In order to facilitate reading all sex differences were transformed to absolute 
values before analysing and afterwards investigated for changes by linear regression models. 
The change in sex difference across years was investigated using single linear regression 
analyses. Performance in split and overall race times for all athletes ranked in all age groups 
from 2002 to 2015 were compared using one-way analysis of variance (ANOVA) with 
subsequent Tukey’s multiple comparison tests with a single pooled variance. A two-way 
ANOVA examined the sex×age group interaction and the main effects of sex and age group 
on race time of each discipline and overall performance. Within each sex, a one-way ANOVA 
examined differences among age groups, too. Statistical analyses were performed using IBM 
SPSS Statistics (Version 22, IBM SPSS, Chicago, IL, USA) and GraphPad Prism (Version 
6.01, GraphPad Software, La Jolla, CA, USA). Significance was accepted at p<0.05 (two-
sided for t-tests). Data are given as mean ± standard deviation (SD).  
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RESULTS 
 
Participation trends 
From 2002 to 2015, a total of 81,815 female athletes completed at least in one of the 253 
included Ironman races (Table 1). The number of finishers increased significantly between 
2002 and 2015 in all female age groups from 18-24 to 65-69 (p<0.0001) years as well as in 
the age group 70-74 years (r=0.42, p=0.013) except age group 75-79 years (r=0.02, p=0.60) 
(Table 2). During the same period, a total of 329,066 male athletes completed at least in one 
of the 253 included Ironman races (Table 1). The number of finishers increased significantly 
in all age groups from 18-24 to 75-59 years (p<0.0001) (Table 2). 
Performance trends across calendar years 
In swimming (Tables 3 and 4), pro athletes and athletes in age groups 50-54 to 65-69 years 
improved their performance (Table 5). Athletes in age groups 18-24 to 45-49 years impaired 
their performance. In athletes in age groups 70-74 and 75-79 years, performance remained 
unchanged. Men were faster than women in pro athletes and age group athletes 18-24 to 70-
74 years, but not 75-79 years. In cycling (Tables 3 and 4), pro athletes and athletes in age 
groups 35-39 to 55-59 years improved performance, athletes in age groups 18-24 to 30-34 
years impaired performance and athletes in age groups 60-64 to 75-79 years showed no 
changes in performance (Table 6). Men were faster than women in pro athletes and athletes in 
age group 18-24 to 70-74 years, but not 75-79 years. In running (Tables 3 and 4), pro athletes 
and age group athletes in age groups 18-24 to 40-44 years improved performance, athletes in 
age groups 45-49 to 70-74 years impaired performance and in athletes in age group 75-79 
years, no changes in performance were detected (Table 7). Men were faster than women in 
pro athletes and athletes in age groups 18-24 to 65-69 years, but not 70-74 and 75-79 years. 
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For overall race time (Tables 3 and 4), pro athletes and athletes in age groups 30-34 and 35-39 
years improved performance. Athletes in age groups 18-24, 25-29, and 40-44 to 65-69 years 
impaired performance. In athletes in age groups 70-74 and 75-79 years, no changes in 
performance were found (Table 8). Men were faster than women in pro athletes and all age 
group athletes. 
 
Performance by sex and age group 
A two-way ANOVA showed a sex×age group interaction on overall performance and the 
three split disciplines (p<0.001, η2<0.001), which was of trivial magnitude. A main effect of 
sex on overall performance and the three split disciplines, where men were faster than 
women, was observed (p<0.001, η2≤0.001), which was also of trivial magnitude. Age groups 
differed (p<0.001) for swimming time (η2=0.080, medium ES), cycling time (η2=0.069 
medium ES), running time (η2=0.068, medium ES) and overall race time (η2=0.091, medium 
ES). Pro group was the fastest in all race times (Figure 1). Among the age groups, the 18-24 
years age group was the fastest in swimming, the 30-34 years age group in cycling (but it did 
not differ from 25-29), the 25-29 years age group in running and in overall performance (but 
it did not differ from 30-34) (Figure 1). Thus, the age-related decline in performance started in 
the 25-29 years age group in swimming and the 35-39 years age group in cycling, running and 
overall.  
Within each sex, a one-way ANOVA showed that fastest was the pro group in all race times 
(p<0.001). In women, age groups differed for swimming (p<0.001, η2=0.139, medium ES), 
cycling (p<0.001, η2=0.126, medium ES), running (p<0.001, η2=0.133, medium ES) and 
overall race time (p<0.001, η2=0.171, large ES); the fastest was in age group 18-24 group in 
swimming and 25-29 group in the other performances (Figure 1). Overall, the age-related 
decline in performance in women started in age group 25-29 years in swimming and in age 
group 30-34 years in other performances. In men, age groups differed for swimming 
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(p<0.001, η2=0.095), cycling (p<0.001, η2=0.082), running (p<0.001, η2=0.081) and overall 
race time (p<0.001, η2=0.108), too; the fastest was age group 18-24 years in swimming and 
age group 30-34 years in the other performances (Figure 1). Thus, the age-related decline in 
performance in men started in age group 25-29 years in swimming, age group 35-39 years in 
cycling, running and overall. 
Sex difference across calendar years 
Between 2002 and 2015 the sex difference decreased in swimming in age groups 25-29 years 
(r2=0.69, p<0.0001), 50-54 years (r2=0.38, p=0.019) and 55-59 years (r2=0.66, p=0.0004) but 
remained unchanged for all other age groups (Table 9). In cycling, the sex difference in 
performance decreased in age groups 25-29 years (r2=0.52, p=0.0037), 45-49 years (r2=0.42, 
p=0.011) and 65-69 years (r2=0.47, p=0.0058) but remained unchanged for all other age 
groups (Table 9). In running, the sex difference decreased in pro athletes (r2=0.82, p<0.0001), 
increased in athletes in age groups 40-44 years (r2=0.37, p=0.021) and 45-49 years (r2=0.37, 
p=0.021), decreased in athletes in age group 65-69 years (r2=0.36, p=0.030) and remained 
unchanged in all other age groups (Table 9). For overall race time, the sex difference in 
performance decreased in age groups 25-29 years (r2=0.33, p=0.032) and 65-69 years 
(r2=0.63, p=0.0012) and remained unchanged in all other age groups (Table 9). 
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DISCUSSION 
In the present study, we examined the worldwide participation and performance trends of age 
group athletes and the age-related performance decline for split and overall race times. The 
main findings were that (i) participation increased in pro athletes and all age groups, except 
for women in age group 75-79 years, (ii) performance improved in younger age groups for 
running and older age groups for swimming and cycling, (iii) the age-related decline in 
performance started at 25-29 years in swimming for women and men and in cycling, running 
and overall race time at 30-34 years and 35-39 years for women and men, respectively, and 
(iv) the sex difference remained stable across years with minor exceptions, where women 
were able to reduce the sex difference.  
Increase in participation in age groups across calendar years 
A first important finding was that the participation in Ironman triathlon over the studied 
period increased in pro athletes and all age group athletes, except for women in age group 75-
79 years. This finding is in accordance with previous studies in triathletes and runners. In the 
last few years, numerous studies investigated the participation trends for different ultra-
endurance events (13, 18, 32, 46, 47, 54). In ultra-running, an increased participation has been 
shown in the ‘Western States 100-Mile Endurance Run’ held in California, USA (15). With 
regards to ‘Ironman Hawaii’ (32) and ‘Ironman Switzerland’ (54), the participation of age 
group athletes increased over the last decades, whereas the percentage of master athletes (i.e. 
athletes older than 35 years) considerably increased. Over the last decades, an increased 
participation has also been reported in Double (18), Triple (18, 46) and Deca Iron ultra- 
triathlon (18).  
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Different reasons for the increased participation in ultra-endurance events, especially in 
Ironman triathlon, have been discussed. Mainly, the increased popularity of Ironman 
triathlons attracted more athletes and especially more master athletes in recent years (32, 54). 
The increase in participation in master athletes has previously been described and is most 
likely due to the increased life expectancy (www.oecdbetterlifeindex.org/topics/health/) and 
increased training facilities for master athletes (32). Another reason might be that the myth of 
‘Ironman Hawaii’ is undiminished and still attracts many ultra-endurance athletes each year. 
Additionally, the ‘Ironman Hawaii’ has a substantial advertising appeal, and might therefore 
also have an impact on the increase in participation in Ironman races in general. 
Younger athletes improved in running and older athletes in swimming and cycling 
 
Another important finding was that performance improved in pro athletes for all disciplines. 
Furthermore, performance improved in younger age group athletes for running and older age 
group athletes for swimming and cycling. Our results are in accordance with previous studies 
reporting the improved performance of older age group athletes in swimming, cycling and 
overall race time, as well as the performance improvement in pro athletes.  
 
In the past few years numerous studies investigated performance trends for different ultra-
endurance events (10, 15, 18, 22, 45, 46). In the ‘100 km Lauf Biel’ held in Switzerland (22) 
performance remained stable across years. In the ‘Western States 100-Mile Endurance Run’ 
held in California, USA, female runners improved their finishing times across years, while the 
performance of male runners remained stable (15). In Triple Iron ultra-triathlons male 
finishers improved their performance across years, whereas female finishers became slower 
over the years (46). In Double and Deca Iron ultra-triathlons performance remained 
unchanged over the last decades (18). Regarding Ironman triathlon, recent studies showed an 
improvement of performance over the last decades (10, 45).  
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The first official Ironman race was held in 1978 in Hawaii (www.ironman.com). After an 
initial increase in participation in ‘new’ sporting events, the age of the participating athletes 
increases across years leading to an increased participation in older age groups (48). With 
increasing participation of older athletes, the level of competition rises in older age groups 
and leads to improvements in athletic performance (2). Athletes who finished an Ironman in 
its early days (i.e. in the nineties of the last century) at the age of ~25-35 years would 
nowadays (i.e. 2016) be at an age of ~50-60 years. It is very likely that athletes, who have 
continued their training and competed in Ironman races across years, should be able to 
preserve their level of performance. The improvement of athletic performance has been 
progressively greater in older age groups in the past few years (2). Akkari et al. (2) showed 
that athletic performance in athletes older than 45 years continues to improve compared to 
younger athletes. They hypothesized that with increasing participation of older athletes the 
level of competition would raise, leading to an improvement of performance, while the 
performance of younger athletes would remain stable. Stiefel et al. (53) also showed that 
master Ironman triathletes have not yet reached their limits. It is also known that master 
runners suffer more injuries than younger athletes, which limits their performance (36). This 
might also attribute to the selection process, meaning that successful athletes older than ~40 
years might be less susceptible to injuries through better estimation of the extent of their 
performance due to their accumulated experience. Also, older athletes might stop competing 
after an injury, which furthers the selection process in a way that could be best described as 
‘the survival of the fittest’. As shown in several studies, Ironman triathlon performance has 
stagnated in younger age groups, while master athletes were still able to improve their 
performance (45, 54).  
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Our results also show an improved running performance in younger age group athletes. 
Previous studies showed a stagnation in performance trends in younger age group athletes. 
This finding could be explained by the different sampling method, which includes all finishers 
instead of only the top ten finishers. Younger athletes might have improved their running split 
times as a result of a higher training volume for running in order to close the gap to the top 
athletes. The unchanged performance in the oldest age group athletes is most likely because of 
the small sample size due to the low participation in these age groups. Therefore no 
significant change in performance could be found.  
 
Performance decline starts earlier in swimming than in cycling and running 
 
A very astonishing finding was that the age-related decline in swimming performance already 
started in age group 25-29 for both women and men. The performance decline in cycling, 
running and overall race time started in age group 30-34 years in women and 35-39 years in 
men.  
The earlier decline in performance in women than in men might be associated with the 
different ages of peak endurance between sexes; this age is 17-21 years in males and 12-15 
years in females (40, 44). In addition, women show a faster rate of performance decline (61). 
The earlier decline in swimming performances compared to previous studies can be explained 
by the different sampling method, which takes all finishers into consideration instead of only 
the top ten athletes. Therefore the selection bias of previous studies could be eliminated.  
 
To date, the age-related performance decline in endurance (5, 34, 35, 42, 58) and ultra-
endurance performance (15, 22, 32) has been well documented. Several studies concluded that 
endurance performance appears to be maintained until the age of ~35-40 years, with a 
moderate decline until the age of 50 years and a growing decrease afterwards (43, 57, 58). 
After the age of 70 years the greatest decline in endurance performance occurs (30). The 
decline in endurance performance appears to be caused primarily by an age-related decrease 
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in maximum oxygen uptake (VO2max) and lactate threshold (43, 58). This decline can be 
decelerated by non-biological factors such as experience (25, 26), learning (50) and mental 
strength and motivation (41). Said decline can also be regulated by changing both the 
intensity and the volume of training (58).  
Previous studies found that Ironman triathlon performance started to decrease at the age of 
~45 years in swimming and running, and at the age of ~50 years in cycling (33). With 
advancing age, athletes move towards longer distances, such as Ironman triathlon (27), where 
performance is more related to endurance capacities and experience than VO2max and lactate 
threshold (27, 32). Fitness benefits and social factors appear to be the main drivers for older 
athletes to perform in Ironman triathlons (51). Therefore, it can be explained that athletes are 
able to maintain the same level of performance until the age of ~50 years. Indeed, Leyk et al. 
(34, 35) showed that mean marathon and half-marathon times were virtually identical from 
the age of ~20 to ~49 years and age-related losses did not occur before the age of 50 years. 
Also, Hoffmann and Wegelin (15) showed that the performance of athletes competing at the 
age of ~40 to ~49 years in a 161-km ultra-marathon was not different from athletes competing 
in the younger age groups.  
The main difference of our study compared to other studies investigating the subject of an 
age-related decline in endurance performance is the analysis of the selected samples. Instead 
of only analysing the top athletes of every age group, we analysed all finishers of all age 
group, therefore eliminating the selection bias. By taking all finishers in an age group into 
consideration, our results show the average split and overall race times of each age group 
instead of only the top athletes per age group. Our results showed that the age-related decline 
in Ironman triathlon performance starts at the age of 25-29 years in swimming and 35-39 
years in cycling, running and overall race time. This finding could be explained by the fact 
that many recreational athletes without former experience possibly participate in Ironman 
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triathlons leading to a broad spectrum of split and overall race times. The average race times 
in age groups are considerably higher than the race times of the top ten athletes in these age 
groups. In difference to trained athletes, which are able to sustain their level of performance 
up to the age of ~50 years (33), the age-related performance decline in recreational athletes 
seems to start at an earlier age. This difference might be due to the fact that recreational 
athletes have less experience, less mental strength and a lower intensity and volume during 
training, which are all factors decelerating the decline of age-related performance decline seen 
in professional athletes (25, 26, 41, 58). 
Sex difference in performance across years 
A further important finding was that the sex difference decreased across years for split and 
overall race times in some age groups (i.e. 25-29, 50-54 and 55-59 years in swimming, 25-29, 
45-49 and 65-69 years in cycling, pro athletes and 65-69 years in running and 25-29 and 65-
69 years for overall time). The decrease in sex difference in the younger age groups is most 
likely due to the relative improvement of performance of female athletes compared to male 
athletes during the studied period. 
The sex difference in endurance performance is primarily caused by physiological differences 
in VO2max (19) and anthropometric characteristics such as the difference in skeletal muscle 
mass and body fat (25). It has been shown that female ultra-runners have a lower skeletal 
muscle mass and a higher percentage of body fat than male ultra-runners, which leads to a 
disadvantage for women in ultra-running performance (22, 48). It has previously been 
observed that the age-related decline in endurance performance is greater in female compared 
to male athletes (6, 31, 42) and an increased sex difference with advancing age has been 
documented in elite athletes (31, 53).  
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The decrease in sex difference across years is in accordance with previous studies (2, 54). As 
mentioned above, in the past few years, master athletes such as age group Ironman athletes 
were able to improve their performance, while the performance of younger athletes remained 
stable. In the last years, female master athletes had a greater progression of athletic 
performance than their male counterparts (2, 54), which leads to the decreased sex difference 
in these age groups. 
The sex difference in performance could also be due to environmental conditions. In 'Isklar 
Norseman Xtreme Triathlon' held as an Ironman-distance triathlon at rather low temperatures, 
the number of successful women increased across years, women achieved a similar 
performance compared to men in swimming, cycling and overall race time, and women 
improved their performance in swimming, cycling and overall race time across years (21). 
Other reasons for the sex difference in performance could be different changes in body 
composition in women and men during an Ironman triathlon (38). While male Ironman 
triathletes loose skeletal muscle mass during an Ironman triathlon (17) mainly due to a 
depletion of glycogen stores of the lower limbs (38), no change in body mass could be 
detected in female Ironman triathletes (24). 
Pacing strategy is also different between female and male triathletes (3, 20). During an 
Ironman triathlon, a positive pacing strategy was adopted by both elite women and men in 
both cycling and running, where women were slower in half of the considered cycling splits 
but not slower in the running splits (3). Also in a longer triathlon race such as ‘Ultraman 
Hawaii’, women paced differently where performance in the fastest women and men 
decreased in the beginning, but improved in men towards the end of the race (20). 
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There is also a difference in the contribution of swimming, cycling and running to overall race 
time. Between 1989 and 2014, swimming and cycling contributions changed in an undulating 
fashion in the Ironman triathlon where the contribution was inversely between the two 
segments for both sexes whereas running contribution decreased for men (9). 
Furthermore, there is also a difference between women and men regarding the internet-related 
activities and interest for Ironman triathlon competitions. When Google Trends was used from 
2004, triathlon-related internet activities correlated negatively with the number of annual 
finishers while an increase in participation of female athletes who were less likely to surf the 
Internet could be noticed. Younger athletes who were more likely to access the web were 
underrepresented in Ironman triathlon races. And there was a significant and positive 
correlation between the cycling split times and the internet query volumes especially for male 
athletes (37). 
Implications for training and competing in Ironman triathlon 
The start of the age-related decline in overall race performance is different between women 
and men. While this decline started women in age group 30-34 years, it started in age group 
35-39 years in men. Although the age of peak Ironman triathlon performance in elite athletes 
is very similar at 30-35 years for both women and men (8, 21,47), female triathletes intending 
to achieve their best Ironman race time should change from the shorter triathlon distances to 
the Ironman distance ~5 years earlier than men. In absolute numbers, women should start 
competing in Ironman triathlon before the age of 30 years and men before the age of 35 years 
to achieve their best Ironman race time.  
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Strength, weakness, limitations and implications for future research 
The strength of this study is the large data set including all finishers of all Ironman races held 
worldwide between 2002 and 2015, where a total 329,066 male and 81,815 female finishers in 
253 Ironman races were analysed, with a dropout of only ~5%.  However, some races might 
not have been documented in the official Ironman website but the largest Ironman races were 
all listed. A weakness is that we were not able to consider environmental and geographic 
conditions for these races. 
This cross-sectional, retrospective data analysis suffers some limitations since the studied 
period of 14 years is relatively short compared to studies investigating the same subject (10, 
32). Additionally, individual factors of endurance performance such as physiological (39, 49), 
anthropometric (13, 25) and demographic characteristics (14), as well as training regimes (11, 
25), motivation (12, 16, 28) and previous race experience (25) could not be taken into 
consideration. Also, the influences of environmental conditions of the races were unknown (7, 
8, 52, 59, 60). Future studies would need to include the aspect of environmental conditions 
since this aspect seems to a have an influence on pacing (1). 
 
PRACTIAL APPLICATIONS 
For athletes and coaches, the participation of age group athletes in Ironman triathlon increased 
for both sexes, women reduced the sex difference in some age groups across years and the 
age-related decline in performance started at 25-29 years in swimming and 30-34 and 35-39 
years in cycling, running and overall race time, depending upon the sex. This observation is of 
great practical importance for athletes and coaches working with master triathletes, who are 
encouraged to manage the relatively early age-related decrease in swimming performance. 
Although swimming, cycling and running splits are considered as endurance exercise, each of 
them correlate differently with anthropometry. A decline in muscle mass with aging might 
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affect performance in swimming more than in the other two splits. For instance, an athlete 
with reduced muscle mass is expected to decrease running performance (where they carry less 
mass through distance) in a lesser degree than in swimming, where body mass is “supported” 
by water. Thus, athletes older than 30 years should optimize their training (e.g. including 
strength training for muscle hypertrophy) and nutrition (e.g. adequate protein intake) in order 
to maintain their muscle mass targeting swimming performance. This age-related performance 
decline starts earlier than reported in existing studies and is most likely due to the inclusion of 
all athletes per age group instead of only the top ten athletes per age group in earlier studies. 
The age-related performance decline in recreational compared to professional athletes seems 
to start at an earlier age. This difference might be due to the fact that recreational athletes 
have less experience, mental strength and a lower intensity and volume of training, which are 
all factors to decelerate the decline of age-related performance decline seen in professional 
athletes. In order to be able to preserve the level of competition in recreational athletes until 
the age of ~50 years, these factors are of major importance to the athletes and coaches and 
should be included in the planning of a recreational triathlon athlete’s career. These findings 
show that ageing recreational athletes might benefit the most of an increased training intensity 
and volume in the swimming split discipline in order to reduce the gap to professional 
athletes. Therefore athletes should increase their training regime in the swimming split 
discipline in relation to the other split disciplines as they age in order to achieve an optimal 
performance improvement. Taken all together, women should start competing in Ironman 
triathlon before the age of 30 years and men before the age of 35 years in order to achieve 
their best Ironman race time. 
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Figure captions 
 
 
Figure 1 Race time in swimming, cycling, running and overall race by sex and age 
group. Women are depicted by ▲ and men by ● 
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Table 1: Included races, sorted by continent 
Ironman  Included editions Excluded editions 
Canada 
Muskoka 
2004-2006, 2008-2015 
2015 
2007 
 
Coeur d‘Alene 2003, 2005-2015 2004 
Lake Tahoe 2013, 2015 2014 
Boulder 2014-2015  
Arizona 2005-2015  
Los Cabos 2013-2015  
Hawaii 2003-2015  
Wisconsin 2002-2015  
Mont-Tremblant 2012-2015  
Lake Placid 2003-2015  
Maryland 2014-2015  
Louisville 2008-2015  
Chattanooga 2014-2015  
Florida 2002-2015  
Texas 2008-2015  
Cozumel 2009-2015  
Fortaleza 2014-2015  
Brazil 2006-2010, 2012-2015 2011 
Lanzarote 2011-2015  
Wales 2011-2015  
UK 2010-2015  
Sweden 
Maastricht-Limburg 
2012-2015 
2015 
 
Copenhagen 2013-2015  
Frankfurt 2005, 2009-2015 2006-2008 
Switzerland 2011-2015  
Austria 2005-2015  
France 
Vichy 
2005-2015 
2015 
 
Mallorca 2014-2015  
Barcelona 2014-2015  
South Africa 2012-2015  
Japan 
Taiwan 
2013-2015 
2015 
 
Malaysia 2006-2008, 2014, 2015 2009-2013 
Cairns 2012-2015  
Australia 2005-2015  
Melbourne 2012-2015  
Western Australia 2010-2015  
New Zealand 2003-2015  
Total 253 12 
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Table 2: Participation across calendar years for all age groups 
 
 
 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 r2 p 
Women                 
Pro 24 106 111 166 178 181 208 216 207 210 264 349 364 304 0.88 <0.0001 
18-24 31 82 113 140 150 136 190 150 148 166 180 226 252 276 0.84 <0.0001 
25-29 114 265 356 540 499 529 715 709 799 732 851 915 990 968 0.94 <0.0001 
30-34 183 423 603 888 821 789 1,022 1,118 1,155 1,343 1,593 1,662 1,739 1,837 0.97 <0.0001 
35-39 146 395 468 778 779 770 1,145 1,178 1,295 1,404 1,574 1,731 1,929 1,993 0.99 <0.0001 
40-44 124 297 398 697 680 717 1,049 1,116 1,226 1,497 1,702 1,865 1,899 2,239 0.98 <0.0001 
45-49 58 148 230 396 429 421 719 828 921 1,039 1,215 1,352 1,529 1,849 0.97 <0.0001 
50-54 33 90 154 202 212 208 346 420 494 634 825 940 973 1,184 0.94 <0.0001 
55-59 11 30 46 65 69 72 110 141 186 201 267 355 400 513 0.89 <0.0001 
60-64  21 15 32 19 28 46 44 59 70 108 96 143 177 0.86 <0.0001 
65-69  2 4 12 6 7 7 11 13 25 28 35 36 41 0.87 <0.0001 
70-74   1 1 3 2 1 1  3 2 2 4 11 0.42 0.0127 
75-79    2 1  1 1 1 1 2 1   0.02 0.6042 
Men                 
Pro 45 185 172 293 277 306 412 379 356 375 481 586 583 505 0.88 <0.0001 
18-24 91 245 258 481 408 512 610 565 698 680 786 941 1,084 1,072 0.96 <0.0001 
25-29 343 716 704 1349 1310 1,376 1,769 1,869 2,216 2,340 2,829 3,145 3,655 3,525 0.97 <0.0001 
30-34 643 1,532 1,728 2,706 2,471 2,607 3,222 3,365 3,885 4,198 5,467 6,093 6,865 6,604 0.95 <0.0001 
35-39 587 1,501 1,798 3,464 3,270 3,567 4,586 4,752 5,261 5,308 6,708 7,326 8,483 8,545 0.97 <0.0001 
40-44 501 1,289 1,534 3,172 2,792 3,306 4,240 5,025 5,542 6,341 7,893 9,047 10,135 10,250 0.97 <0.0001 
45-49 261 777 972 1,787 1,801 1,921 2,817 3,406 3,836 4,413 5,564 6,704 7,576 8,575 0.95 <0.0001 
50-54 162 421 531 954 881 1,007 1,594 1,900 2,207 2,508 3,359 4,155 4,715 5,501 0.92 <0.0001 
55-59 84 216 277 457 441 488 732 794 909 1046 1,397 1,657 2,000 2,247 0.93 <0.0001 
60-64 30 86 135 172 191 189 333 355 396 498 547 714 839 862 0.95 <0.0001 
65-69 9 33 44 81 58 66 103 121 125 151 191 235 258 297 0.93 <0.0001 
70-74 3 18 10 21 28 22 38 47 58 65 62 75 88 86 0.96 <0.0001 
75-79  1 6 9 10 8 9 6 6 12 16 14 15 21 0.76 <0.0001 AC
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Table 3 Split and overall race times for women by age group, times are expressed as h:min  
 
 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Swimming                
Pro 01:04 00:58 00:59 01:00 01:01 00:59 01:01 01:00 00:59 00:59 01:01 00:59 00:59 00:59 
18-24 01:09 01:11 01:12 01:14 01:15 01:14 01:14 01:16 01:14 01:13 01:18 01:17 01:17 01:14 
25-29 01:18 01:13 01:14 01:14 01:16 01:15 01:16 01:17 01:15 01:16 01:19 01:17 01:17 01:17 
30-34 01:18 01:15 01:16 01:16 01:18 01:17 01:17 01:18 01:17 01:18 01:21 01:20 01:19 01:18 
35-39 01:21 01:18 01:18 01:18 01:19 01:21 01:21 01:21 01:20 01:21 01:23 01:21 01:21 01:20 
40-44 01:21 01:20 01:19 01:19 01:21 01:21 01:22 01:23 01:22 01:22 01:25 01:23 01:22 01:21 
45-49 01:28 01:22 01:22 01:22 01:25 01:24 01:23 01:24 01:23 01:25 01:26 01:24 01:24 01:23 
50-54 01:33 01:23 01:26 01:25 01:27 01:25 01:27 01:27 01:25 01:25 01:27 01:26 01:25 01:24 
55-59 01:39 01:27 01:32 01:30 01:34 01:31 01:28 01:29 01:28 01:28 01:31 01:28 01:27 01:24 
60-64  01:33 01:32 01:34 01:37 01:33 01:30 01:34 01:30 01:35 01:33 01:34 01:33 01:27 
65-69  01:50 01:52 01:45 01:32 01:40 01:30 01:40 01:42 01:39 01:40 01:36 01:42 01:29 
70-74   01:46 01:58 01:51 01:55 01:53 01:47  01:56 01:41 01:54 01:39 01:40 
75-79    01:36 01:56  01:38 01:33 01:48 02:03 01:56 02:13   
Cycling               
Pro 05:21 05:30 05:41 05:32 05:31 05:30 05:27 05:23 05:22 05:19 05:20 05:19 05:18 05:22 
18-24 06:32 06:39 06:47 06:43 06:49 06:46 06:39 06:41 06:39 06:38 06:45 06:41 06:48 06:47 
25-29 06:42 06:43 06:43 06:37 06:42 06:42 06:44 06:35 06:40 06:37 06:41 06:39 06:38 06:43 
30-34 06:36 06:45 06:44 06:39 06:44 06:46 06:41 06:37 06:39 06:38 06:39 06:41 06:41 06:43 
35-39 06:34 06:46 06:45 06:43 06:45 06:49 06:45 06:40 06:42 06:40 06:42 06:40 06:44 06:42 
40-44 06:32 06:47 06:48 06:42 06:47 06:51 06:48 06:43 06:43 06:41 06:45 06:45 06:48 06:47 
45-49 06:58 06:58 06:55 06:51 06:56 06:55 06:53 06:47 06:49 06:47 06:45 06:47 06:52 06:48 
50-54 06:45 07:00 07:13 07:00 07:03 07:02 07:05 06:59 06:54 06:54 06:53 06:56 06:58 06:57 
55-59 07:06 06:57 07:18 07:08 07:20 07:18 07:11 07:03 07:04 07:03 07:03 06:59 07:06 07:05 
60-64   07:31 07:30 07:15 07:09 07:27 07:21 07:22 07:07 07:16 07:19 07:16 07:23 07:12 
65-69   07:40 07:58 07:35 07:36 07:59 07:39 07:36 07:25 07:14 07:17 07:11 07:27 07:26 
70-74     08:19 07:01 08:08 08:08 07:32 07:35   08:06 07:33 07:55 07:37 07:27 
75-79       07:28 08:00   08:22 07:44 07:34 07:44 08:06 07:38     
Running               
Pro 03:50 03:50 03:43 03:48 03:44 03:37 03:38 03:35 03:33 03:28 03:30 03:28 03:26 03:28 
18-24 04:53 05:13 05:04 05:10 05:06 04:52 04:53 05:00 04:58 04:53 05:01 05:02 04:59 05:03 
25-29 04:57 05:00 04:56 04:57 04:57 04:53 04:57 04:55 04:57 04:51 04:56 04:55 04:48 04:57 
30-34 05:02 05:01 04:59 05:02 05:05 04:54 04:56 04:55 04:55 04:55 04:53 04:53 04:53 04:59 
35-39 05:02 05:07 05:01 05:04 05:07 04:57 05:02 04:59 04:57 05:00 04:59 04:56 04:56 04:59 
40-44 05:00 05:10 05:04 05:04 05:09 05:01 05:06 05:06 05:05 05:05 05:05 05:04 05:02 05:06 
45-49 05:18 05:21 05:09 05:21 05:21 05:08 05:13 05:11 05:11 05:12 05:12 05:12 05:14 05:15 
50-54 05:14 05:27 05:33 05:26 05:33 05:21 05:28 05:26 05:20 05:24 05:22 05:20 05:16 05:22 
55-59 05:38 05:29 05:36 05:36 05:44 05:33 05:32 05:34 05:26 05:31 05:32 05:28 05:30 05:30 
60-64   05:47 05:32 05:56 06:03 05:41 05:39 05:47 05:28 05:52 05:42 05:52 05:42 05:46 
65-69   06:19 06:13 06:07 06:01 05:55 06:13 06:13 06:04 05:51 05:52 06:00 06:00 06:12 
70-74     06:25 05:14 06:17 06:27 06:35 07:12   06:28 06:40 06:05 05:48 06:14 
75-79       06:50 06:24   06:34 07:14 06:39 06:48 06:24 06:43     
Overall               
Pro 10:22 10:26 10:30 10:26 10:22 10:12 10:13 10:05 10:01 09:53 09:58 09:53 09:50 09:56 
18-24 12:56 13:17 13:18 13:22 13:25 13:05 12:58 13:11 13:05 12:58 13:18 13:14 13:17 13:20 
25-29 13:16 13:10 13:08 13:01 13:11 13:03 13:12 13:01 13:06 12:58 13:10 13:06 12:57 13:13 
30-34 13:17 13:15 13:14 13:11 13:23 13:12 13:09 13:05 13:07 13:07 13:08 13:10 13:08 13:16 
35-39 13:16 13:26 13:20 13:21 13:27 13:21 13:24 13:16 13:14 13:18 13:21 13:14 13:17 13:18 
40-44 13:12 13:34 13:28 13:21 13:33 13:28 13:32 13:28 13:27 13:25 13:32 13:29 13:29 13:32 
45-49 14:06 13:56 13:43 13:50 13:59 13:41 13:45 13:39 13:41 13:41 13:41 13:41 13:47 13:44 
50-54 13:53 14:07 14:30 14:08 14:20 14:04 14:17 14:10 13:57 14:01 14:00 14:01 13:57 14:02 
55-59 14:42 14:07 14:44 14:31 14:56 14:37 14:29 14:24 14:15 14:20 14:25 14:13 14:21 14:19 
60-64   15:04 14:49 15:03 15:05 14:57 14:47 15:02 14:23 15:02 14:53 15:01 14:57 14:45 
65-69   16:12 16:21 15:47 15:30 15:53 15:42 15:49 15:25 15:01 15:05 15:07 15:27 15:28 
70-74     16:55 14:30 16:35 16:39 16:17 16:53   16:53 16:09 16:15 15:21 15:38 
75-79       16:20 16:59   17:02 16:54 16:20 16:56 16:51 16:56     
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Table 4 Split and overall race times for men by age group, times are expressed as h:min  
 
 
 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Swimming               
Pro 00:57 00:54 00:54 00:54 00:55 00:56 00:55 00:54 00:53 00:54 00:54 00:54 00:54 00:54 
18-24 01:11 01:09 01:09 01:09 01:11 01:11 01:13 01:14 01:12 01:12 01:14 01:13 01:14 01:14 
25-29 01:13 01:09 01:09 01:09 01:10 01:10 01:12 01:13 01:12 01:13 01:16 01:14 01:14 01:14 
30-34 01:15 01:10 01:11 01:10 01:12 01:12 01:13 01:13 01:12 01:13 01:16 01:15 01:15 01:15 
35-39 01:16 01:12 01:12 01:12 01:14 01:14 01:15 01:15 01:14 01:14 01:17 01:16 01:15 01:16 
40-44 01:18 01:14 01:14 01:14 01:15 01:15 01:16 01:16 01:16 01:16 01:18 01:17 01:17 01:17 
45-49 01:21 01:16 01:16 01:16 01:18 01:17 01:18 01:17 01:17 01:18 01:20 01:18 01:18 01:18 
50-54 01:23 01:19 01:20 01:18 01:21 01:20 01:19 01:20 01:20 01:20 01:22 01:20 01:20 01:20 
55-59 01:27 01:21 01:23 01:22 01:24 01:22 01:22 01:23 01:22 01:23 01:25 01:23 01:22 01:22 
60-64 01:32 01:26 01:29 01:26 01:29 01:26 01:26 01:27 01:27 01:26 01:29 01:26 01:25 01:23 
65-69 01:29 01:34 01:35 01:33 01:36 01:35 01:31 01:33 01:31 01:31 01:33 01:32 01:31 01:28 
70-74 01:39 01:34 01:32 01:42 01:37 01:37 01:38 01:39 01:34 01:36 01:37 01:36 01:32 01:35 
75-79    01:44 01:44 01:52 01:41 01:51 01:42 01:46 01:36 01:40 01:40 01:38 01:44 01:34 
Cycling               
Pro 05:08 05:00 05:11 04:57 04:58 05:00 04:57 04:56 04:51 04:50 04:50 04:52 04:53 04:53 
18-24 06:10 06:12 06:15 06:05 06:11 06:15 06:13 06:07 06:11 06:15 06:19 06:13 06:18 06:19 
25-29 06:06 06:05 06:05 05:59 06:08 06:01 06:02 05:59 06:04 06:08 06:13 06:08 06:11 06:14 
30-34 06:04 06:04 06:07 06:00 06:05 06:05 06:02 05:58 06:02 06:04 06:07 06:05 06:09 06:11 
35-39 06:03 06:09 06:07 06:02 06:09 06:10 06:05 06:01 06:05 06:05 06:07 06:07 06:08 06:10 
40-44 06:10 06:14 06:16 06:07 06:13 06:13 06:09 06:05 06:09 06:09 06:11 06:10 06:13 06:14 
45-49 06:16 06:20 06:21 06:16 06:20 06:20 06:16 06:10 06:12 06:14 06:15 06:14 06:16 06:18 
50-54 06:26 06:34 06:33 06:25 06:31 06:29 06:24 06:19 06:22 06:21 06:23 06:23 06:24 06:25 
55-59 06:37 06:38 06:43 06:39 06:44 06:40 06:36 06:31 06:30 06:32 06:31 06:35 06:33 06:34 
60-64 06:34 06:48 06:55 06:44 06:52 06:51 06:44 06:47 06:47 06:44 06:46 06:44 06:46 06:44 
65-69 06:36 07:00 07:18 06:56 06:57 07:10 06:56 06:59 06:55 06:57 06:58 06:56 07:05 06:55 
70-74 07:01 07:19 07:44 07:22 07:07 07:26 07:22 07:14 07:06 07:13 07:19 07:09 07:19 07:16 
75-79    07:38 07:21 07:22 07:34 07:36 07:39 07:31 07:22 07:31 07:30 07:28 07:14 07:24 
Running               
Pro 03:26 03:28 03:22 03:25 03:22 03:19 03:24 03:23 03:15 03:16 03:21 03:16 03:16 03:19 
18-24 04:40 04:56 04:47 04:50 04:47 04:46 04:50 04:50 04:43 04:46 04:48 04:45 04:47 04:50 
25-29 04:44 04:45 04:38 04:42 04:40 04:29 04:36 04:35 04:37 04:37 04:39 04:37 04:37 04:43 
30-34 04:43 04:46 04:43 04:42 04:42 04:35 04:38 04:34 04:33 04:33 04:35 04:33 04:35 04:40 
35-39 04:45 04:50 04:42 04:45 04:46 04:39 04:41 04:38 04:40 04:37 04:38 04:38 04:37 04:41 
40-44 04:49 04:52 04:50 04:48 04:51 04:44 04:45 04:44 04:44 04:43 04:45 04:43 04:44 04:48 
45-49 05:02 05:04 04:57 05:00 04:58 04:53 04:53 04:50 04:49 04:49 04:51 04:50 04:50 04:56 
50-54 05:13 05:12 05:06 05:10 05:10 05:02 05:00 05:02 05:01 05:00 05:02 05:02 04:59 05:05 
55-59 05:26 05:22 05:21 05:28 05:25 05:13 05:13 05:13 05:13 05:15 05:15 05:15 05:10 05:16 
60-64 05:25 05:28 05:24 05:29 05:35 05:22 05:26 05:32 05:30 05:30 05:32 05:30 05:26 05:29 
65-69 05:20 05:25 05:35 05:37 05:30 05:40 05:27 05:36 05:40 05:42 05:37 05:36 05:40 05:44 
70-74 06:25 06:17 05:58 06:08 05:50 05:53 05:53 05:43 05:44 05:49 06:03 05:58 05:52 06:09 
75-79    06:32 06:39 06:40 06:25 06:23 06:39 06:17 05:23 06:26 06:19 06:36 06:14 06:21 
Overall               
Pro 09:39 09:29 09:34 09:22 09:21 09:20 09:22 09:19 09:06 09:07 09:11 09:08 09:09 09:13 
18-24 12:20 12:31 12:25 12:17 12:23 12:25 12:29 12:25 12:21 12:27 12:37 12:25 12:34 12:38 
25-29 12:21 12:12 12:06 12:02 12:12 11:51 12:02 11:59 12:07 12:13 12:23 12:14 12:17 12:27 
30-34 12:19 12:14 12:16 12:04 12:13 12:03 12:07 11:58 12:02 12:04 12:12 12:08 12:13 12:22 
35-39 12:22 12:25 12:16 12:13 12:24 12:15 12:15 12:08 12:14 12:12 12:16 12:16 12:16 12:23 
40-44 12:36 12:35 12:35 12:22 12:35 12:25 12:26 12:20 12:24 12:23 12:30 12:26 12:30 12:36 
45-49 13:00 12:55 12:51 12:47 12:52 12:45 12:42 12:33 12:34 12:36 12:42 12:39 12:41 12:50 
50-54 13:24 13:21 13:16 13:10 13:20 13:05 13:00 12:57 13:00 12:58 13:04 13:03 13:00 13:09 
55-59 13:55 13:38 13:45 13:45 13:52 13:30 13:29 13:25 13:23 13:29 13:29 13:32 13:24 13:31 
60-64 13:53 13:59 14:07 13:56 14:15 13:54 13:54 14:04 14:02 14:00 14:06 13:59 13:55 13:57 
65-69 13:46 14:14 14:46 14:23 14:21 14:42 14:12 14:26 14:24 14:29 14:27 14:23 14:35 14:28 
70-74 15:29 15:27 15:34 15:29 14:52 15:11 15:11 14:53 14:42 14:59 15:21 15:03 15:02 15:21 
75-79    16:08 16:06 16:15 15:56 16:08 16:18 15:55 14:40 15:57 15:51 16:06 15:34 15:41 
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Table 5 Results of the mixed-effects regression analysis for swimming by age group, 
SE=standard error 
Age group  Estimate SE df t p 
Pro constant term 277.97 380.01 7779.19 7.31 <0.001 
 
[sex=female] 5.21 0.29 2216.21 18.00 <0.001 
  
year -0.11 0.02 7779.25 -5.85 <0.001 
18-24 constant term -427.78 74.81 10178.61 -5.72 <0.001 
 
[sex=female] 2.58 0.36 82330.06 7.12 <0.001 
  
year 0.25 0.04 10178.64 6.70 <0.001 
25-29 constant term -7600.08 38.97 36135.00 -19.51 <0.001 
 
[sex=female] 3.48 0.16 36135.00 21.88 <0.001 
  
year 0.41 0.02 36135.00 21.39 <0.001 
30-34 constant term -553.21 29.13 64744.73 -18.99 <0.001 
 
[sex=female] 4.72 0.14 48044.14 33.85 <0.001 
  
year 0.31 0.01 64745.00 21.56 <0.001 
35-39 constant term -344.33 27.31 78477.27 -12.61 <0.001 
 
[sex=female] 60.02 0.14 55144.75 43.90 <0.001 
  
year 0.21 0.01 78477.73 15.39 <0.001 
40-44 constant term -285.13 27.72 84984.78 -10.29 <0.001 
 
[sex=female] 5.90 0.14 56975.85 41.89 <0.001 
  
year 0.18 0.01 849850.08 130.08 <0.001 
45-49 constant term -950.05 350.01 59926.48 -2.72 0.01 
 
[sex=female] 6.00 0.17 39109.74 34.71 <0.001 
  
year 0.09 0.02 59926.94 4.98 <0.001 
50-54 constant term 111.67 48.16 35658.49 2.32 0.02 
 
[sex=female] 5.28 0.23 23584.18 22.95 <0.001 
  
year -0.02 0.02 35658.94 -0.63 0.53 
55-59 constant term 220.29 74.57 14167.97 2.95 <0.001 
 
[sex=female] 50.04 0.38 9214.42 13.18 <0.001 
  
year -0.07 0.04 14168.31 -1.83 0.07 
60-64 constant term 696.34 121.97 5550.71 5.71 <0.001 
 
[sex=female] 5.20 0.67 3573.80 7.75 <0.001 
  
year -0.30 0.06 5550.83 -4.99 <0.001 
65-69 constant term 900.77 2240.08 1658.22 40.02 <0.001 
 
[sex=female] 5.95 1.37 1033.99 4.33 <0.001 
  
year -0.40 0.11 1658.29 -3.61 <0.001 
70-74 constant term 663.94 393.71 448.79 1.69 0.09 
 
[sex=female] 10.19 3.17 321.61 3.21 <0.001 
  
year -0.28 0.20 448.80 -1.44 0.15 
75-79 constant term 1126.12 881.95 86.12 1.28 0.21 
 
[sex=female] 8.32 7.13 440.03 1.17 0.25 
  
year -0.51 0.44 86.16 -1.16 0.25 
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Table 6 Results of the mixed-effects regression analysis for cycling by age group, 
SE=standard error 
 
Age group  Estimate SE df t p 
Pro constant term 2139.29 145.46 7465.40 14.71 <0.001 
 [sex=female] 28.13 0.88 1984.76 31.88 <0.001 
 year -0.91 0.07 7464.94 -12.64 <0.001 
18-24 constant term -680.47 275.83 9875.53 -2.47 0.01 
 [sex=female] 30.40 1.31 8254.80 23.12 <0.001 
 year 0.53 0.14 9875.58 3.84 <0.001 
25-29 constant term -666.88 147.78 34328.77 -4.51 <0.001 
 [sex=female] 33.76 0.65 27653.35 51.80 <0.001 
 year 0.52 0.07 343290.03 70.03 <0.001 
30-34 constant term -394.41 104.87 63241.86 -3.76 <0.001 
 [sex=female] 36.23 0.49 48284.55 73.54 <0.001 
 year 0.38 0.05 63242.28 7.29 <0.001 
35-39 constant term 180.60 97.44 77324.37 1.85 0.06 
 [sex=female] 36.98 0.48 55384.28 76.61 <0.001 
 year 0.09 0.05 77324.97 1.96 0.05 
40-44 constant term 64.94 97.28 83204.65 0.67 0.50 
 [sex=female] 35.63 0.48 57107.63 73.72 <0.001 
 year 0.15 0.05 83205.13 3.19 <0.001 
45-49 constant term 350.54 119.27 587510.05 2.94 <0.001 
 [sex=female] 34.37 0.58 39374.55 59.52 <0.001 
 year 0.01 0.06 58751.71 0.25 0.80 
50-54 constant term 584.32 158.12 34761.82 3.70 <0.001 
 [sex=female] 33.73 0.74 23718.97 45.65 <0.001 
 year -0.10 0.08 34762.54 -1.24 0.22 
55-59 constant term 681.90 240.66 137300.07 2.83 0.01 
 [sex=female] 31.41 1.21 9284.81 25.97 <0.001 
 year -0.14 0.12 13730.52 -1.18 0.24 
60-64 constant term 417.51 362.44 5563.77 1.15 0.25 
 [sex=female] 30.81 2.00 3621.15 15.44 <0.001 
 year 0.00 0.18 5563.89 -0.02 0.98 
65-69 constant term 342.85 619.92 1608.17 0.55 0.58 
 [sex=female] 270.09 3.74 1032.62 7.24 <0.001 
 year 0.04 0.31 1608.25 0.13 0.90 
70-74 constant term 167.99 996.37 454.19 0.17 0.87 
 [sex=female] 22.21 80.07 3170.06 2.75 0.01 
 year 0.13 0.50 454.19 0.27 0.79 
75-79 constant term 2026.97 1651.49 73.35 1.23 0.22 
 [sex=female] 23.51 13.19 34.26 1.78 0.08 
 year -0.78 0.82 73.40 -0.96 0.34 
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Table 7 Results of the mixed-effects regression analysis for running by age group, 
SE=standard error 
 
 
Age group  Estimate SE df t p 
Pro constant term 1502.39 2270.07 7056.57 6.62 <0.001 
 [sex=female] 14.47 1.31 1802.23 110.08 <0.001 
 year -0.64 0.11 7055.80 -5.71 <0.001 
18-24 constant term 683.69 322.27 9625.57 2.12 0.03 
 [sex=female] 14.65 1.51 8277.27 9.67 <0.001 
 year -0.20 0.16 9625.65 -1.22 0.22 
25-29 constant term 586.37 170.45 33535.99 3.44 <0.001 
 [sex=female] 17.33 0.74 27903.86 23.40 <0.001 
 year -0.15 0.08 33536.36 -1.78 0.08 
30-34 constant term 1154.75 122.37 61888.35 9.44 <0.001 
 [sex=female] 20.13 0.57 487110.02 35.55 <0.001 
 year -0.43 0.06 61888.89 -7.14 <0.001 
35-39 constant term 1103.47 114.24 75860.81 9.66 <0.001 
 [sex=female] 20.72 0.56 55906.76 37.15 <0.001 
 year -0.41 0.06 75861.58 -7.18 <0.001 
40-44 constant term 235.72 113.10 82149.55 20.08 0.04 
 [sex=female] 20.63 0.56 57765.16 37.13 <0.001 
 year 0.03 0.06 82150.13 0.47 0.64 
45-49 constant term -298.69 138.87 58165.20 -2.15 0.03 
 [sex=female] 21.38 0.67 39781.35 320.08 <0.001 
 year 0.30 0.07 58165.96 4.28 <0.001 
50-54 constant term -328.53 183.67 34616.38 -1.79 0.07 
 [sex=female] 21.14 0.85 23984.32 24.73 <0.001 
 year 0.32 0.09 34617.14 3.45 <0.001 
55-59 constant term -492.60 278.78 14034.13 -1.77 0.08 
 [sex=female] 17.00 1.42 9401.64 11.99 <0.001 
 year 0.40 0.14 14034.50 2.91 <0.001 
60-64 constant term -2123.87 432.70 5658.24 -4.91 <0.001 
 [sex=female] 16.18 2.40 3663.69 6.73 <0.001 
 year 1.22 0.22 5658.34 5.67 <0.001 
65-69 constant term -3399.83 721.72 1776.27 -4.71 <0.001 
 [sex=female] 24.48 4.56 1088.64 5.37 <0.001 
 year 1.86 0.36 1776.32 5.19 <0.001 
70-74 constant term -2524.23 1158.59 466.43 -2.18 0.03 
 [sex=female] 11.69 9.46 3180.09 1.24 0.22 
 year 1.43 0.58 466.44 2.49 0.01 
75-79 constant term -3824.78 2466.20 107.21 -1.55 0.12 
 [sex=female] 15.48 22.93 48.82 0.68 0.50 
 year 20.09 1.23 107.23 1.71 0.09 
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Table 8 Results of the mixed-effects regression analysis for overall race time by age group, 
SE=standard error 
Pro constant term 3577.79 325.71 77610.06 10.99 <0.001 
 [sex=female] 48.32 2.14 2022.40 22.63 <0.001 
 year -1.50 0.16 7760.90 -9.24 <0.001 
18-24 constant term -3330.06 598.25 10015.13 -0.56 0.58 
 [sex=female] 47.76 2.87 8325.27 16.64 <0.001 
 year 0.54 0.30 10015.17 1.82 0.07 
25-29 constant term -714.50 320.79 34842.37 -2.23 0.03 
 [sex=female] 55.14 1.43 278850.07 38.64 <0.001 
 year 0.72 0.16 34842.56 4.54 <0.001 
30-34 constant term 31.21 228.94 64570.54 0.14 0.89 
 [sex=female] 62.22 10.09 48768.60 570.01 <0.001 
 year 0.35 0.11 64570.82 30.10 <0.001 
35-39 constant term 677.87 2120.01 79004.66 3.20 <0.001 
 [sex=female] 65.17 10.07 55991.28 60.89 <0.001 
 year 0.03 0.11 790050.05 0.32 0.75 
40-44 constant term -358.89 208.43 85269.62 -1.72 0.09 
 [sex=female] 63.52 10.06 57895.49 59.82 <0.001 
 year 0.55 0.10 85269.89 5.35 <0.001 
45-49 constant term -798.14 2530.07 60477.39 -3.15 <0.001 
 [sex=female] 62.93 1.26 39891.68 49.91 <0.001 
 year 0.78 0.13 60477.73 6.20 <0.001 
50-54 constant term -474.49 330.55 360370.05 -1.44 0.15 
 [sex=female] 60.90 1.60 24092.42 38.11 <0.001 
 year 0.63 0.16 36037.37 3.83 <0.001 
55-59 constant term -625.38 498.19 14526.63 -1.26 0.21 
 [sex=female] 53.68 2.60 9397.97 20.67 <0.001 
 year 0.72 0.25 14526.87 2.90 <0.001 
60-64 constant term -2230.46 7500.06 5836.31 -2.97 <0.001 
 [sex=female] 51.87 4.26 3679.86 12.18 <0.001 
 year 1.53 0.37 5836.38 4.10 <0.001 
65-69 constant term -2849.13 1239.63 1729.65 -2.30 0.02 
 [sex=female] 57.40 7.72 1076.19 7.43 <0.001 
 year 1.85 0.62 1729.71 30.01 <0.001 
70-74 constant term -2585.82 1889.14 463.18 -1.37 0.17 
 [sex=female] 42.13 15.44 313.56 2.73 0.01 
 year 1.74 0.94 463.19 1.85 0.07 
75-79 constant term 350.21 29900.05 84.46 0.12 0.91 
 [sex=female] 54.25 24.99 40.78 2.17 0.04 
 year 0.30 1.49 84.50 0.20 0.84 
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 Table 9 Sex difference (%) in split and overall race times by age group 
 
 
 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Swimming               
Pro 10.51 7.55 8.46 11.04 10.80 6.59 10.58 10.46 10.80 9.50 12.56 9.96 10.28 8.12 
18-24 -2.49 2.76 3.82 7.71 6.27 4.15 1.23 3.21 2.03 1.24 4.22 5.74 4.19 0.99 
25-29 6.72 5.56 7.26 6.66 8.02 7.35 5.34 5.55 4.99 3.77 3.73 3.74 3.61 2.95 
30-34 4.98 6.71 6.40 7.63 8.73 7.44 5.49 7.08 7.34 7.33 7.13 6.95 5.45 3.71 
35-39 6.72 9.35 8.46 8.81 7.53 9.23 8.10 8.76 7.53 8.89 8.29 7.65 7.49 5.54 
40-44 3.36 8.49 6.45 7.30 7.58 8.81 7.38 8.59 7.68 9.00 8.97 7.50 7.39 5.33 
45-49 9.15 7.85 8.01 7.66 9.02 8.72 6.50 8.00 7.82 8.97 7.12 8.18 8.21 6.00 
50-54 12.70 6.15 7.75 8.77 7.06 7.05 9.30 8.83 6.55 6.93 6.13 7.27 6.31 4.47 
55-59 13.36 7.30 11.40 9.63 12.26 9.76 7.02 7.20 6.98 5.34 7.31 6.08 6.21 3.24 
60-64  8.25 4.27 9.53 9.71 9.03 4.30 8.42 3.62 9.85 4.91 9.73 9.16 4.47 
65-69  17.55 18.38 12.68 4.22 5.66 1.11 7.53 12.26 8.87 7.05 4.47 11.97 0.67 
70-74   15.95 15.47 14.70 18.76 15.92 7.90  20.69 4.30 18.68 7.57 6.09 
75-79    14.50 14.20  3.46 12.49 12.18 22.77 16.01 35.13   
Cycling               
Pro 4.32 9.82 9.87 11.55 10.75 10.01 10.08 9.27 10.78 10.03 10.19 9.20 8.38 9.84 
18-24 5.87 7.20 8.56 10.40 10.17 8.29 7.02 9.13 7.54 6.20 6.75 7.52 7.68 7.38 
25-29 9.88 10.40 10.28 10.70 9.30 11.32 11.84 10.09 9.66 7.68 7.57 8.45 7.13 7.75 
30-34 8.80 11.01 10.00 10.91 10.64 11.42 10.62 10.85 10.29 9.16 8.56 9.60 8.75 8.73 
35-39 8.50 9.95 10.44 11.27 9.63 10.67 10.87 10.87 10.04 9.55 9.61 9.05 9.55 8.76 
40-44 6.02 8.88 8.73 9.75 8.98 10.20 10.49 10.49 9.28 8.85 9.05 9.31 9.39 8.89 
45-49 11.32 10.09 8.96 9.29 9.34 9.00 9.74 10.02 9.98 8.90 8.13 8.73 9.32 7.97 
50-54 5.12 6.68 10.27 9.10 8.16 8.44 10.77 10.51 8.41 8.60 7.83 8.52 8.82 8.12 
55-59 7.23 4.82 8.72 7.41 8.94 9.38 8.88 8.06 8.72 7.67 8.16 6.13 8.21 7.73 
60-64   10.50 8.23 7.66 4.01 8.76 9.07 8.67 4.92 7.89 8.14 7.83 9.21 6.86 
65-69   9.37 9.16 9.42 9.46 11.49 10.36 8.99 7.18 4.02 4.60 3.66 5.21 7.52 
70-74     7.64 4.77 14.09 9.44 2.33 4.99   12.14 3.24 10.56 4.15 2.45 
75-79       1.21 5.74   9.26 2.87 2.74 2.91 7.92 2.14     
Running               
Pro 11.80 10.88 10.15 11.12 11.12 8.92 6.83 5.81 8.80 6.06 4.54 6.26 5.36 4.50 
18-24 4.73 5.79 6.18 6.71 6.32 2.20 1.09 3.61 5.22 2.73 4.47 5.90 4.21 4.50 
25-29 4.66 5.16 6.48 5.22 5.95 8.75 7.93 7.22 7.08 4.98 5.88 6.30 3.95 5.13 
30-34 6.81 5.16 5.54 7.25 8.13 7.21 6.48 7.89 7.89 8.36 6.50 7.45 6.46 6.66 
35-39 5.99 5.83 6.72 6.76 7.16 6.47 7.52 7.51 6.24 8.40 7.76 6.39 6.98 6.23 
40-44 3.63 6.10 5.01 5.64 6.27 5.97 7.30 7.77 7.34 7.69 6.94 7.40 6.29 6.05 
45-49 5.05 5.36 4.22 7.13 7.87 5.20 6.69 7.47 7.83 8.03 7.50 7.50 8.06 6.12 
50-54 0.35 4.92 8.82 5.13 7.15 6.33 9.21 8.13 6.31 7.88 6.59 6.08 5.69 5.73 
55-59 3.45 1.98 4.51 2.52 5.77 6.41 6.10 6.67 4.08 4.87 5.33 4.02 6.33 4.60 
60-64   5.79 2.36 8.23 8.05 5.85 4.11 4.41 0.62 6.54 2.79 6.67 4.82 4.99 
65-69   16.64 11.34 8.94 9.37 4.41 14.29 10.85 7.00 2.66 4.45 7.08 5.96 7.88 
70-74     7.43 14.81 7.50 9.66 11.90 25.89   10.99 10.06 1.81 -1.04 1.14 
75-79       2.55 0.36   1.23 15.06 23.46 5.93 1.27 1.82     
Overall               
Pro 7.36 10.06 9.76 11.38 10.86 9.27 8.90 8.10 10.08 8.43 8.40 8.22 7.40 7.68 
18-24 4.85 6.06 7.08 8.78 8.35 5.34 3.91 6.23 5.95 4.23 5.42 6.56 5.72 5.41 
25-29 7.32 7.92 8.45 8.16 7.97 10.02 9.70 8.52 8.14 6.18 6.41 7.04 5.39 6.15 
30-34 7.74 8.30 7.84 9.16 9.58 9.55 8.47 9.35 9.07 8.67 7.58 8.47 7.40 7.37 
35-39 7.34 8.24 8.70 9.34 8.47 9.00 9.30 9.36 8.29 9.04 8.77 7.86 8.27 7.44 
40-44 4.68 7.78 6.98 7.89 7.71 8.47 8.89 9.23 8.38 8.41 8.24 8.38 7.90 7.42 
45-49 8.52 7.77 6.82 8.24 8.72 7.42 8.17 8.77 8.91 8.57 7.78 8.20 8.65 7.06 
50-54 3.57 5.67 9.32 7.47 7.46 7.45 9.92 9.34 7.29 8.13 7.10 7.40 7.23 6.77 
55-59 5.60 3.53 7.09 5.65 7.70 8.27 7.42 7.31 6.54 6.28 6.90 5.04 7.11 5.99 
60-64   7.84 4.91 8.02 5.83 7.62 6.34 6.81 2.45 7.43 5.57 7.35 7.33 5.79 
65-69   13.81 10.72 9.70 8.04 8.03 10.49 9.54 6.97 3.70 4.45 5.09 6.00 6.91 
70-74     8.66 6.43 11.55 9.67 7.28 13.38   12.77 5.18 7.99 2.14 1.87 
75-79       0.48 6.57   4.56 6.12 11.35 6.08 6.24 5.20     
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